show that within the context of these models a J = 0 fixed pole does not arise in p-meson photoproduction.
I . -. _..-_. between fixed poles in photoproduction and elementarity of the external particles. "
The relation between fixed poles and elementarity of particles has mostly been investigated in the frame of field theoretic models 5,793 using some kind of ladder approximation. This is natural, because if the model is to exhibit explicitly the distinguishing characteristics between composite particles, i. e. we will assume the binding potentials to be scalar functions.
Since the existence of a fixed J-plane pole manifests itself by the appropriate amplitude containing a factor v J in the Regge limit, i. e. v -CO, an investigation of the relation between fixed poles and compositeness requires an investigation of the high energy asymptotic @egge) behavior of the amplitudes. Consequently, the object of this work is to study the asymptotic behavior of the appropriate amplitudes for gauge invariant models in the context of the ladder approximation of the Bethe-Salpeter equation. In effect this note represents the extension of our previous investigation5 to realistic models.
In Section II we discuss within our models the amplitudes for the scattering of vector mesons off protons and off pions. In Section III we first recall briefly the well known fact that the J = 0 fixed pole exists for Compton scattering off elementary hadrons, in order to emphasize that the existence of such a fixed pole does not imply that the target hadrons must be bound states. We then go on to consider vector meson scattering off elementary pions with a non-zero binding potential and demonstrate how the elementarity of both incoming and outgoing vector mesons is necessary for the existence of the fixed pole. We then consider the more complicated case of vector meson scattering off the charged meson constituent of a bound state nucleon and arrive at the same results. This section is concluded with a discussion of how the existence of the fixed pole can be seen to depend on the elementarity of the vector mesons.
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We conclude with a discussion of the relevance of our work to the existence of i&e fixed pole in photoproduction where its existence has been argued by Brandt et al. 14 in p-photoproduction and by groups of authors 15 in n-photoproduction, Our conclusion is, that the leading fixed pole (i. e. the fixed pole at J = 0) does not arise in these processes if -as is physically plausible -the produced mesons are composite states which lie on Regge tra-
jectories. An important aspect of our work is to demonstrate explicitly that the infinite sums of planar ladder diagrams necessary for gauge invariance either build up the expected Regge pole behavior or are of lower order than the Bornlike or primary diagrams and thus that the existence of fixed poles may be determined by a study of these primary diagrams al,one.
II. KINEMATICS, BETHE-SALPETER EQUATIONS
-In ascertaining the existence of a fixed J-plane pole in the scattering of vector particles from hadrons, i. e. Vh -V'h , we are interested in the asymptotic high energy behavior of the amplitude for~fixed values of momentum transfer between the hadrons or vector mesons. In the following it is sufficient to consider zero momentum transfer and thus elastic or quasielastic scattering.
If we designate the 4-momentum of the incident vector particle by q and that of the initial hadron by p, the scattering amplitude in forward direction satisfying parity and time-reversal invariance can be written as (our metric is *-, so that p2 = -mi) 1
In working with photons (real or virtual) gauge invariance requires that T1+q2T3+p*qT4 = 0, -+@.q)T2+q2T4 = 0 .
"P For Compton scattering, the forward amplitude can be written as
where Tl and T2 are scalar functions of q2 and v z -(pa q)/mp whose ab8sorptive, i. e. imaginary parts, are porportional to the structure functions WI and W2 that h are relevant to deep inelastic scattering.
In taking the Regge limit, v -, CO with q2 fixed, it is convenient to work in the rest frame of the target hadron. Consequently, we set pP = (3, mpL % = (O,O, q3, qo).
In this frame, the invariant amplitudes Tl and T2 can be written as
Consequently in the following, we will only be interested in the cases v =p =I andv =~=3. 
for the coupling of a vector particle of 4-momentum q to two r mesons, and for the similar coupling of a vector particle to a nucleon-antinucleon pair. In these equations W(x) is the binding potential which we assume falls off asymptotically like o(xw2). The meson and nucleon propagators are defined respectively as
Gauge invariance for a photon field requires that these vertex functions satisfy the following generalized Ward identities :
qY 5
The wave function for a bound state nucleon built from a bare nucleon and a bare pion is assumed to satisfy the homogeneous (ZN = 0) Bethe-Salpeter equa-
and that for a bound state pion built from a bare nucleon-antinucleon pair rNKN&,
In writing these equations, it was assumed that the bound particle is incoming. * The equations for outgoing bound particles are similar in nature and need not be written out explicitly. 13
III. COMPTON SCATTERING IN VARIOUS MODELS
We now calculate the invariant amplitudes T1 and T2 for various gauge A invariant models to investigate the origin of the J = 0 right signature fixed pole.
The asymptotic behavior of the amplitudes, in general, will be of the form (as will be shown)
where Rl(q2) and R2(q2) are the fixed pole residue functions for the invariant amplitudes Tl and v2T2 respectively.
We consider first briefly the usual Born amplitudes, which correspond to 
I
We will now consider Compton scattering off elementary pions with a nonvamihing binding potential W (equivalent to gluon exchange16), to illustrate our point that the charge form factor of the elementary target need not be 1, but can be described by a struqtured vertex function, and to indicate how the existence of the fixed pole is dependent on the elementarily of the photon field.
The gauge invariant model13 for this process consists of the diagrams shown in Fig. 2 . It is important to realize, that the binding potential W acting between the incoming and outgoing mesons is the same as that which acts between a leg and the intermediate meson and gives the photon vertex its structure. If we were to assume that the photon is not elementary but a bound state of two mesons, i. e. Zy = 0 in Fig. 1 , then, it is this potential that binds the two mesons to form the bound state.
We define the primary diagrams D P Cp and S P PV' PV I.cV as the first diagrams in the expressions for these quantities, i.e. the diagrams for which there is no and the two meson scattering amplitude R is shown in Fig. 2 .
Since Sy PV is independent of q, S PV is also independent of q and will just be a constant times (Zy)2 . Consequently, we need only to consider the expressions for D and C PV I-lV' We first consider the photon to be elementary, i.e. , Zy = 1. In the limit of large v , the leading contributions can be seen to be those due to diagrams where each rnyn ' P is replaced by the inhomogeneous term of its Bethe-Salpeter equation.
In order to understand why this is possible, consider iterating Eq. (2.5) for r TylT. P The mth term in the resulting series will involve m -1 integrations and will contain the product of m-1 propagators containing q. Propagators involving q play a crucial role in the asymptotic v region. Iu effect, each propagator containing q will introduce a factor (v -I) into the asymptotic behavior of the contribution being considered. Consequently, since the region of integration is restricted by the potential and the other propagator, each successive term in the iteration expansion for lYnyn will be an order of Y-' less important than the preceding term in the large v region. In the limit of large v , I' nyn for Zy+ 0 CL can thus be replaced by the first term in the iteration which is just the inhomogeneous term of its Bethe-Salpeter equation. An argument equivalent to that presented here appears in the work of Biswas et al. 17 Replacing rnyr P by (2p f qb reduces the primary graphs to the Born graphs considered in the previous model. Consequently, forgetting the contributions due to the integrals in D and C PV IJV ' there will be a fixed pole coming again from S PV' The residue functions R1 and R2 will again obey R2 = q2R1 = q2C, but the constant C which is real and independent of q2 will be modified by the potential. where C is a real constant independent of q2 given by (see the remarks following (3.5), also (3.6))
These results are in agreement with those of Brodsky et al. , 8 although, of course, the motivation of their investigation was different.
The situation for a bound-state vector particle is easily obtained by considering the effect of setting Zy equal to zero in the previous derivation. First and most important, there is no seagull contribution since S P PV is proportional to (zv)2, and thus there is no fixed pole unless it comes from D VV and C fJV' But the effect of setting Z ' equal to zero means that r gvr(p,q) will fall offIg at Consequently', we will only sketch how the model gives TI and T2 the a* expected Regge pole contribution, but gives a fixed J = 0 pole (originating from S FV in Fig. 3 ) only in the case that Zy $ 0, i.e. only if the photon is elementary
and not a bound state. The last point is trivial since the fixed pole in such models comes from the seagull type diagrams which are proportional to (Zy)2. Similar to the model discussed previously the primary diagrams for D and PV C and those involving Rs, l2 PVa give no asymptotic contribution to T1 and T2.
As in the previous discussion the diagrams involving Rt give the expected Regge contribution irrespective of whether the photon vertex function is assumed to satisfy a homogeneous or an inhomogeneous Bethe-Salpeter equation, i.e. irrespective of whether the vector particle is a bound state or an elementary particle (the reason being, as we have seen, that the integral for the relevant diagrams is maximal when the internal mesons are close to their mass shell values).
In models, where the charged constituent is an elementary nucleon and nonzero potentials are considered, the Dirac matrices are an additional complication. In such models, it is important to observe for q. -M that although P(q + x) is of order v ', a product P(q f x)P(q + x') is of order v -1 for finite
x and x'. It is with this mechanism that higher order Rs type diagrams can be seen to be negligible with respect to the primary diagrams as is the case for the corresponding Drell-Lee model. 10,12
In investigations of more complicated gauge invariant models, the same conclusion is found as illustrated here. That is, the existence of a J = 0 fixed pole in Compton scattering is independent of the nature of the target hadron and the charge form factor of the elementary constituent, but depends solely on the photon being an elementary particle and not a bound state. 20
This work strongly casts doubt on the arguments of Brandt et al. 14 and others , l3 that there could be a J = 0 fixed pole in p or even 7~ photoproduction.
Since models of the nature considered here can give a gauge invariant description for p or r photoproduction, 13 and since in the Regge limit, i.e. v -W, the squares of the 4-momenta are important and the kinematics is essentially the same as considered here, there will not be a fixed pole unless the p or ?r meson is an elementary particle, i. e. one which does not lie on a Regge trajectory.
Thip, however, would be hard to accept.
The absence of fixed poles in hadronic and photoproduction processes has also been obtained by Blankenbecler et al. 21 in the context of models utilizing the infinite momentum frame. (3.18) where n is the larger of the moduli of the helicity differences of the ingoing and outgoing t channel states and P is a Legendre polynomial. 1. -Bethe-Salpeter equation describing the coupling of a vector particle with 4-momentum p2 to two particles of 4-momentum pl and pl + p2.
2.
The amplitudes D C PV' PV and S PV required for a gauge invariant description of Compton scattering off an elementary pion with a binding potential
